development, but do show the qualitative impairments in social interaction, play, and communication usually associated with autism, as well as intense circumscribed interests or obsessions, repetitive and stereotypic behavior patterns, and some motor delay and clumsiness (American Psychiatric Association, 1994; Klin, Volkmar, & Sparrow, 2000) .
As indicated by the description above, communicative dysfunction is one of the core symptoms of autistic syndromes in individuals who speak. The disjunction between intact form and impaired function has been the subject of a large literature in the language characteristics of individuals with HFA (see Landa, 2000; Lord & Paul, 1997; Tager-Flusberg, 1995 , for reviews). Fewer studies have described the phonological characteristics of individuals with autistic syndromes. This report focuses on the segmental and suprasegmental aspects of the speech of adolescents and adults with HFA and AS.
Speech and Prosody
Segmental aspects of speech sound production concern a speaker's articulatory precision. Suprasegmental aspects of speech production, or prosody, are concerned with those properties of the speech signal that modulate and enhance its meaning. Prosody functions at several levels to enable speakers to construct discourse through expressive language. Crystal (1986), Kent and Read (1992) , Merewether and Alpert (1990) , and Panagos and Prelock (1997) provide various accounts of these levels, which can be categorized in three subdomains.
Grammatical prosody includes suprasegmental cues that are used to signal syntactic information within sentences (Warren, 1996) . Stress can be used grammatically within words to signal, for example, whether a token is being used as a noun (pre′sent) or a verb (present′ ). Pitch contours signal the ends of utterances and denote whether they are questions (rising pitch) or statements (falling pitch). Grammatical uses of prosody are generally obligatory aspects of the production of the surface structure that are an inherent part of the transformation from deep structure meanings (Gerken, 1996; Gerken & McGregor, 1998) .
Pragmatic prosody is used to carry social information beyond that conveyed by the syntax of the sentence. It conveys the speaker's intentions, or the hierarchy of information within the utterance, and results in optional changes in the way an utterance is expressed (Van Lancker, Canter, & Terbeek, 1981; Winner, 1988) . Stress, as one example, can be used to highlight an element of information within a sentence as the focus of attention. This pragmatic use of stress, usually referred to as emphatic or contrastive stress, calls the listener's attention to information that is new to the conversation, unfamiliar, or unexpected within the sentence. Emphatic stress is used to highlight the comment or predicate of an utterance, the portion that elaborates on the topic established within the discourse (Bates & McWhinney, 1979; Haviland & Clark, 1974) .
Finally, affective prosody serves more global functions than those subserved by the prior two forms. Affective prosody includes both the modal register of the individual's personal speech style, as well as the changes in register used for varying social functions (e.g., differences among the ways an individual talks to peers, to young children, and to people of higher social status). Affective prosody is also involved in conveying a speaker's general feeling state (Bolinger, 1989; Hargrove, 1997) . For example, a parent would produce the utterance "The children aren't home from school yet" with different suprasegmental characteristics, depending on whether she or he was feeling relaxed about having a few minutes remaining for other activities or anxious because the time at which the children should have arrived home was long past.
Research on individuals with unilateral brain damage (Emmorey, 1987; Heilman, Bowers, Speedie, & Coslett, 1984; Luks, Nusbaum, & Levy, 1998) suggests that these three functions of prosody can be differentially affected. Thus, their neurological organization may be, at least to some degree, functionally independent. Should such differences be observed, they could suggest hypotheses about mechanisms underlying speaker competence.
Speech and Prosody Characteristics of Individuals With Pervasive Developmental Disorders
Segmental or articulatory aspects of speech have typically been reported to be commensurate with overall developmental rates in speakers with autism or AS (Bartolucci, Pierce, Streiner, & Eppel, 1976; Pierce & Bartolucci, 1977; Tager-Flusberg, 1981) or somewhat delayed (Bartak, Rutter, & Cox, 1975; Rutter, Maywood, & Howlin, 1992) . However, since the first delineation of the autistic syndrome (Kanner, 1943) , abnormal suprasegmentals have been frequently identified as a core feature of the syndrome for individuals with autism who speak (Baltaxe & Simmons, 1985 Fay & Schuler, 1980; Ornitz & Ritvo, 1976; Paul, 1987; Pronovost, Wakstein, & Wakstein, 1966; Rutter & Lockyer, 1967; Tager-Flusberg, 1981) . Differences noted in early, observational reports included monotonic or machine-like intonation, deficits in the use of pitch and control of volume, deficiencies in vocal quality, and use of aberrant stress patterns. When these differences are present they tend to be persistent and to show little change over time, even when other aspects of language improve (DeMyer et al., 1973; Kanner, 1971; Rutter & Lockyer, 1967; Simmons & Baltaxe, 1975) . Prosodic deficits have not been universally reported, however. Simmons and Baltaxe (1975) , for example, found that only four out of the seven adolescents with autism they studied had notable suprasegmental differences in their speech. When such behaviors are present the prosody characteristics of a person with autism constitute one of the most significant obstacles to his or her social integration and vocational acceptance. Mesibov (1992) and VanBourgondien and Woods (1992) reported that it is the vocal presentation of individuals with autism that most immediately creates an impression of oddness.
It can be hypothesized that the prosodic deficits so frequently attributed to people with autistic syndromes reside primarily in the pragmatic and affective aspects of prosody, with grammatical aspects relatively spared. This hypothesis stems from two sources. A primary consideration, as cited above, is the documented grammatical and morphological strengths in individuals with HFA and AS, compared to their reduced abilities in the meaningful use of language for social communication (Landa, 2000; Tager-Flusberg, 1981 , 1995 . A second consideration is that the relatively large body of research on prosody in autism can be interpreted to suggest that a majority of the identified deficits reside in pragmatic or affective functions. Ricks (1975) and Lord, Rutter, and DeLavore (1996) demonstrated that parents have more difficulty identifying the emotional content of prespeech vocalization in their children with autism than do parents of children with mental retardation or normal language. Several studies (Boucher, Lewis, & Collis, 1998; Hobson, Ouston, & Lee, 1988 Van Lancker, Cornelius, & Krieman, 1989) have shown that children with autism have difficulty matching vocally expressed affect to facial expressions or to emotion words (e.g., happy, sad, scared). Table 1 is a summary of prosodic studies of individuals with HFA or AS for which it was possible to interpret grammatical versus pragmatic or affective distinctions in prosody domains. Of the nine studies in which grammatical prosodic data could be identified, only three yielded differences between the speakers with autistic syndromes and typically speaking control groups. In the 10 studies in which pragmatic or affective prosody data appear to have been involved, all the findings indicated atypical performance in participants with autistic syndromes.
Inspection of the several domains of suprasegmental performance in the studies in Table 1 suggests that findings for pauses differ when divided into their occurrence in grammatical versus pragmatic/affective context. In two studies, grammatical pausing was reportedly appropriate in children with HFA or AS, whereas pragmatic pausing was reportedly atypical. Findings for stress and pitch appear to be inconsistent, with some studies reporting deficits in grammatical as well as pragmatic contexts, and others reporting normal grammatical production. The few studies that have looked at rate, loudness, and quality report differences in what appear to be the modal registers of the subjects with HFA or AS.
From a methodological perspective, there are many constraints underlying the findings summarized in Table 1 . The number of participants included in each study has been small; most studies in Table 1 included 3 to 12 subjects. Methods used to quantify prosodic and vocal behavior have differed considerably from one another, with no study to date reporting findings obtained by means of a standardized procedure. Studies fail to provide explicit procedural information on the signals assessed for different prosodic functions. For example, several studies (Baltaxe, Simmons, & Zee, 1984; Fine, Bartolucci, Ginsberg, & Szatmari, 1991) purport to assess the global construct of intonation patterns, which subsumes a broad array of both signal features and prosodic functions. Other studies may focus on one prosodic construct, such as linguistic stress, but fail to discriminate among the functions (e.g., grammatical, pragmatic) it subserves (e.g., Baltaxe, 1981; Paccia & Curcio, 1982) . Also, most studies have reported averaged performance across subjects, which fails to estimate the prevalence of significant prosodic disturbances in this population compared to appropriate control groups. Thus, there presently is no consensus on the characterization of specific parameters of suprasegmental behaviors or on their role as core areas of disorder in pervasive developmental disabilities.
Rationale and Study Goals
The primary aim of the present study is to report speech and prosody-voice profiles for 30 males with HFA or AS using standardized assessment instruments and to compare findings to those documented for typical speakers of comparable ages. The instrument selected for prosody-voice assessment, The Prosody-Voice Screening Profile (PVSP; Shriberg, Kwiatkowski, & Rasmussen, 1990) , has a long history of use with a variety of communication disorders (e.g., McSweeny & Shriberg, in press; Odell & Shriberg, 2001; Shriberg, Aram, & Kwiatkowski, 1997; Shriberg & Widder, 1990) , provides reference data for conversational speech samples from typical speakers (Shriberg, Kwiatkowski, Rasmussen, Lof, & Miller, 1992) , and has well-described psychometric characteristics (cf. McSweeny & Shriberg, in press; Shriberg, Kwiatkowski, & Rasmussen, 1990) . For the primary aim of this study, it is appropriate to use the The secondary aim of the present research is to consider the communicative profiles of the two groups of speakers with PDD relative to the three functions of prosody described previously: grammatical, pragmatic, and affective. Because the PVSP was designed as a descriptive tool for use in a variety of clinical-research contexts, the seven prosody-voice features cannot be directly mapped onto the three functions of prosody reviewed previously. Therefore, the discussion of findings will interleave perspectives on the functions of prosody within the more general consideration of speech and prosodyvoice characteristics of speakers with high-functioning autism or Asperger syndrome.
Method Participants

HFA and AS
A data set of 30 male participants with HFA and AS was obtained from cases seen in the Developmental Disabilities Section of the Yale Child Study Center. These individuals had completed an extensive protocol as part of two projects on the neurobiology of autism. The protocol included data from standardized assessments of cognitive, language, and social-adaptive functioning and from a videocassette recording of a conversational speech sample obtained during a semistructured diagnostic interview. Diagnostic characterization included the Autism Diagnostic Interview-Revised (ADI-R; Lord, Rutter, & LeCouteur, 1994) and the Autism Diagnostic Observation Schedule-Generic (ADOS-G; Lord et al., 1996) . Diagnostic assignment followed DSM-IV criteria for autism and AS (American Psychiatric Association, 1994) . In accordance with these criteria, none of the individuals assigned the diagnosis of AS had speech and language delays or marked deviance in the first 3 years of life (Klin & Volkmar, 1997; Volkmar et al., 1994) . Clinical diagnoses were confirmed independently by two experienced clinicians (AK and FV) with demonstrated interrater reliability (Klin, Lang, Cicchetti, & Volkmar, 2000) . Table 2 includes age and assessment information for the 30 participants. Speakers ranged in age from 10 to 49 years; 18 (60%) were 10 to 20 years old, and the remaining 12 (40%) were 20 to 49 years old. The mean ages of speakers in the HFA and AS groups, respectively, were 21.6 and 20.7 years. Statistical tests (t tests) for differences between the ages of speakers in each group, as well as for differences on all other variables in Table 2 , were nonsignificant, with the exception of two subscales of the Autism Diagnostic Observation Schedule (Lord et al., 1996) .
Comparison Group
Two audiocassette archives were used to assemble a comparison set of conversational speech data from speakers with typical speech development. Inclusionary criteria for participants in the Comparison Group (CG) were (a) age within the range of the 30 individuals with HFA or AS; (b) speech status classified as Normal Speech Acquisition (NSA) on the Speech Disorders Classification System (Shriberg, Austin, Lewis, McSweeny, & Wilson, 1997b) ; and (c) normal cognitive, sensory-motor, and psychosocial function, as determined by protocols used in the databases. One of the two reference databases included speech samples from typically speaking individuals who made up a control group for a study of speech disorders in adolescents (Flipsen, Shriberg, Weismer, Karlsson, & McSweeny, 1999) . The other database included speech samples from typically speaking relatives of probands assessed in a genetics study (Lewis & Shriberg, 1994) . The comparison sample included conversational speech samples from 23 (43%) typically speaking 10-to 20-year-old male speakers and 30 (57%) typically speaking 20-to 30-year-old male speakers. The mean age of the 53 speakers was 26.4 years (SD = 12.7 years), and their average number of words per utterance was 9.2 (SD = 3.1). Statistical tests (t test) of the ages and number of words processed for CG speakers compared to HFA and AS speakers were nonsignificant.
Phonetic Transcription and Prosody-Voice Coding
Videotaped Samples
Pilot studies indicated that the technical quality and the linguistic content of the videotaped standardized clinical ADOS interview (Lord et al., 1996) met criteria for narrow phonetic transcription and prosody-voice coding (Shriberg, 1986) . Although the duration of the interviews was comparable for speakers with HFA and AS (approximately 30 minutes), there were between-group differences in the length of the samples needed to meet criteria for processing the speech and prosody-voice analyses (see later discussion of volubility). HFA speakers required an average of 6.3 minutes (SD = 4.5) to produce an average of 48.9 utterances (SD = 27.3) for the speech and prosody-voice analyses, whereas the AS speakers required an average of only 3.2 minutes (SD = 1.8) to produce an average of 35.0 utterances (SD = 18.8). This difference between the length of the speech sample used in the speech and prosody-voice analyses was statistically significant [t(18) = 2.48, p = .023], but the difference in the total number of utterances used for the analyses was not [t(24) = 1.63, p < 0.120]. Phonetic transcription and prosody-voice coding of the 30 speech samples were completed by an experienced research transcriber using a Panasonic AG520B videocassette playback system and well-developed protocols referenced to adolescent and adult speakers (Shriberg, 1993; Shriberg, Austin, Lewis, McSweeny, & Wilson, 1997a) . The transcriber (third author) had participated in extensive interjudge agreement studies for both narrow phonetic transcription and prosody-voice coding (McSweeny & Shriberg, 1995) .
Reliability
To estimate the intrajudge agreement of the phonetic transcriptions and prosody-voice codes, six conversational samples (20% of the recordings, 1,403 words) were randomly selected for retranscription and prosodyvoice coding. Ages of the 6 speakers, 4 with HFA and 2 with AS, ranged from 11 to 42 years. Intrajudge transcription reliability was calculated using software that provides point-to-point percentages of agreement for broad (i.e., disregarding diacritics used in either transcription) and narrow (i.e., including diacritics in either transcription) transcription of consonants and vowels/ diphthongs (Shriberg & Olson, 1988) . The transcriber's Wiig & Secord, 1989. i Lord et al., 1996. average intrajudge agreement for consonants was 98.7% for broad phonetic transcription and 94.7% for narrow phonetic transcription. For vowels, average intrajudge agreement was 93.2% for broad phonetic transcription and 89.9% for narrow phonetic transcription. Narrow transcription agreement for /s/ and /z/ distortions was 88.5% and 82.9%, respectively; narrow agreement for /r/ was 100% (there were no /r/ distortions transcribed in the reliability samples).
Intrajudge agreement for prosody-voice coding was obtained using a utility program in the PEPPER software suite (Programs to Examine Phonetic and Phonological Evaluation Records; Shriberg, Allen, McSweeny, & Wilson, 2000) . Agreement for the 109 utterances meeting one or more exclusion codes (to be described) was 94.5%. Intrajudge agreement at the summative level of prosody-voice coding was 94.2% based on appropriate versus inappropriate prosody-voice codes for each of the six domains and 93.4% based on exact agreement for both appropriate and all inappropriate codes. Intrajudge coding agreement for the three prosody-voice domains of specific interest in this study-Phrasing, Stress, and Resonance-was as follows for four levels of agreement (from item level to summative level): Phrasing: 81.8%-98.5%, Stress: 46.7%-85.9%, and Resonance: 82.6%-97.8%.
To estimate the interjudge agreement of the phonetic transcriptions and prosody-voice codes, a second research assistant transcribed eight randomly selected conversational samples (27% of the recordings, 1,668 words). Ages of the 8 speakers, 4 with HFA and 4 with AS, ranged from 13.7 to 37 years, with a mean age of 20.2 years. Transcription agreement was calculated using the same software as described for the intrajudge agreement estimate. The original transcriber's and second research assistant's average interjudge agreement for consonants was 98.6% for broad phonetic transcription and 92.0% for narrow phonetic transcription. For vowels, average interjudge agreement for the eight samples was 88.9% for broad phonetic transcription and 82.5% for narrow phonetic transcription. Narrow interjudge transcription agreement for /s/ and /z/ distortions was 79.8% and 77.6%, respectively; narrow agreement for /r/ was 97.3%.
Interjudge agreement for prosody-voice coding was also obtained with the software used to estimate intrajudge agreement. Interjudge agreement for the 138 utterances meeting one or more exclusion codes (to be described) was 86.2%. Interjudge agreement at the summative level of prosody-voice coding was 89.6% based on appropriate versus inappropriate prosody-voice codes for each of the six domains and 85.6% based on exact agreement for both appropriate and all inappropriate codes. Interjudge coding agreement for the three prosody-voice domains of specific interest in this studyPhrasing, Stress, and Resonance-was as follows for the four levels of agreement (from item level to summative level): Phrasing: 73.6%-95.8%, Stress: 14.3%-86.8%, and Resonance: 43.4%-83.3%. Thus, as in other studies using this screening instrument (McSweeny & Shriberg, 1995, in press ), certain prosody-voice codes have marginal or inadequate interjudge reliability at the most detailed levels of comparison (generally involving relatively few occurrences of each code). Whereas findings at the summative level appear to have adequate reliability, individual code-level reliability findings in some domains must be interpreted with caution.
Results
Speech Findings
Volubility
Volubility for each HFA and AS speaker was computed by dividing the elapsed time of the conversational speech sample used for the present study by the number of words transcribed. Thus, examiner utterances, which were standardized by the ADOS protocol, could be included in the total sample length. Words-per-minute data could not be calculated for CG speakers because many different examiners obtained these samples, and their length of response to widely varying topics was unconstrained by a standardized protocol. Speakers with AS were significantly more voluble than HFA speakers. AS speakers averaged 96.6 words per minute (SD = 32.1) compared with 64.6 words per minute (SD = 37.8) for HFA speakers [t(27) = 2.5, p = .019].
Severity of Involvement
The PEPPER software suite was used to calculate and describe the frequencies and types of consonant and vowel/diphthong errors in conversational speech. The frequency (i.e., severity of involvement) comparisons between HFA and AS speakers included analyses of six summative metrics using Wilcoxon-Mann-Whitney nonparametric statistics to test for significant betweengroup differences in percentage scores. The six severityof-involvement metrics (cf. Shriberg et al., 1997a) included calculation of the following percentage data: (a) any type of consonant error (Percentage of Consonants Correct), (b) any type of vowel/diphthong error (Percentage of Vowels/Diphthongs Correct), (c) any combination of consonant and vowel/diphthong errors (Percentage of Phonemes Correct), (d) only consonant deletion and/or substitution errors (Percentage of Consonants Correct-Revised), (e) only vowel or diphthong deletion or substitution errors (Percentage of Vowels/ Diphthongs Correct-Revised), and (f) the percentage of words in the sample that were intelligible to the transcriber (Intelligibility Index).
There were no statistically significant betweengroup differences on any of the six speech severity metrics. Percentage-correct scores on all individual and combined measures of consonant and vowel/diphthong production in conversation, as well as the percentage of intelligible words, averaged from 93% to over 99% for both the adolescent and adult speakers in the HFA and AS groups. Individual scores for speakers within each group ranged from 79.9% to 100% on the Percentage of Consonants Correct (PCC) metric (which scores clinical distortions as incorrect) and from 79.8% to 100% on the Intelligibility Index. Although not significantly lower than scores for the CG group, the range of speech competence in the HFA and AS speakers included some speakers with notably lower scores than obtained for the typical speakers in the comparison group (PCC: M = 98%, range = 88.9%-100%; Intelligibility Index: M = 99.5%, range = 96.0%-100%).
Residual Articulation Errors
PCC scores as low as approximately 80% for both the HFA and AS speakers in the presence of markedly higher PCC-R scores (see above) indicated that some of these adolescent and adult speakers were making residual speech-sound distortion errors. Table 3 is a summary of the residual articulation error findings for the 15 speakers in each group. To be classified as having residual distortion errors on the Speech Disorders Classification System (SDCS), speakers older than 9 years (i.e., all the speakers in the present study) had to have a minimum of two of the same type of residual distortion error (e.g., dentalized sibilants, derhotacized rhotic consonants and/or vowels) on each of at least two different word types (Shriberg et al., 1997b) . Because of the sampling criteria used to construct the comparison group-Normal Speech Acquisition as classified by the SDCS software-it was not appropriate for comparison purposes to estimate the percentage and types of distortion errors in the comparison speakers.
As shown in Table 3 , HFA and AS speakers who met a type-token criterion of four to six distortion errors were tallied under the column titled Marginal Frequency of Residual Distortion Errors. Speakers who met a more stringent criterion of more than six sounds transcribed with the same distortion diacritic were tallied under the column titled Nonmarginal Frequency of Residual Distortion Errors. For participants who had more than one error type meeting these criteria, both distortion error types were used in the percentage calculations. Thus, the comparisons in Table 3 assess whether there were between-group differences in both the number of participants with residual distortion errors and in the types of distortions. One class of common clinical distortions (cf. Shriberg, 1993, Appendix) was dentalized or lateralized productions of one or more of the sibilant consonants (/s/, /z/, /S/, /Z/, /ä/, /ü/). The other class of common clinical distortions was errors on one or more of the two liquid consonants and the rhotic vowels, including derhoticized productions of /r/, /¸±/, or /E±/, or labialized productions of /l/.
As shown in the left set of entries in Table 3 , 33.3% of the 30 speakers with HFA and AS met criteria for having one or more types of residual distortion errors. As adjusted for the two speakers whose distortion errors met criteria for both the sibilant and the liquid error classes, 5 of the 15 speakers (33.3%) in each group met SDCS criteria for having residual distortion errors. Approximately half of these speakers with distortion errors met the less stringent, marginal criteria; and half met the more stringent, nonmarginal criteria for residual distortion errors.
As shown in the right set of entries in Table 3 , the types of residual distortion errors made by speakers in each of the two groups were approximately equally distributed across the two diagnostic groups. Dentalized sibilants were most prevalent (41.7%), derhotacized /r/, /¸±/, and /E±/ were second most frequent (25.0%), and lateralized sibilants (16.7%) and labialized /l/ (16.7%) were the two remaining distortion error types meeting the criteria described above.
Additional analyses indicated that the average ages of the 10 speakers with residual distortion errors in the two groups were similar (HFA: M = 19.4 years, SD = 10.4 years, range = 11-36 years; AS: M = 19.2 years, SD = 5.9 years, range = 12-36 years). The five speakers with dentalized residual distortion errors were the youngest of the 10 speakers with distortions, ranging in age from 11 to 17 years. One of these speakers (age 11) also met criteria for derhotacized distortions. The ages of the remaining five speakers with lateralized, derhotas Figure 1 and the Appendix provide the prosody-voice information referenced in the following discussion. Figure 1 , termed a Prosody-Voice Profile, provides graphic and quantitative comparisons of the prosodyvoice findings among groups (HFA, AS, CG), including results of an omnibus nonparametric inferential statistic to test for differences among the three groups (Kruskal-Wallis nonparametric comparisons; Siegel & Castellan, 1988) . Pairwise, nonparametric group comparisons (Wilcoxon-Mann-Whitney rank-order difference tests; Siegel & Castellan, 1988) are also reported for each analysis.
Prosody-Voice Findings
PVSP Exclusion Codes
The Appendix includes the key for the Exclusion codes and Prosody-Voice codes used in the Prosody-Voice Screening Profile (PVSP; Shriberg, Kwiatkowski, & Rasmussen, 1990) . The 31 Exclusion codes are divided into four categories: Content/Context, Environment, Register, and States. These codes are used to remove an utterance from eligibility for prosody-voice coding. Figure 1 , there was a statistically significant difference among the three groups in the percentage of utterances that had to be excluded from the analyses because the utterances met criteria for one or more of the 31 exclusion codes. As shown in the upper rightmost column titled Total in Panel B, speakers with HFA averaged 42.3% excluded utterances, compared to 30.9% for speakers in the AS group and 21.3% for CG speakers. Findings for the three nonparametric pairwise tests indicated that the only statistically significant difference in the total number of excluded utterances was the comparison between HFA and CG speakers (W x = 759.5, p = .0015). Figure 1 indicates that most (90.3%) of the excluded utterances from the HFA and AS speakers were due to Content/Context codes. Most frequent were C5: Interruption/Overtalk and C7: Only One Word, codes that reflect examiner and participant discourse patterns. Thus, although the HFA speakers had a large number of utterances excluded from prosody-voice coding, these exclusions were due to interactive discourse constraints, rather than reflecting inappropriate use of vegetative sounds or register variation.
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PVSP Prosody-Voice Codes
Panels A, C, and D in Figure 1 provide descriptive data and the results of inferential statistical tests of prosody-voice scores for speakers in the three groups. As shown in the rightmost column in Panel A, HFA speakers averaged 35.3% utterances, or approximately one third, that were coded as having completely appropriate prosody-voice, whereas AS speakers averaged 41.7% appropriate utterances and CG speakers 54.7% appropriate utterances. The CG percentage is consistent with data reviewed elsewhere which indicates that typical speakers often meet PVSP criteria for inappropriate phrasing (i.e., repetitions and revisions) and/or inappropriate vocal quality (cf. McSweeny & Shriberg, in press; Shriberg et al., 1992) . Pairwise tests indicated that these summative differences in the percentages of utterances with completely appropriate prosody-voice were significant for both the HFA-CG (W x = 355.0, p = .0163) and AS-CG (W x = 382.0, p = .0454) comparisons.
Phrasing. The seven inappropriate Phrasing codes listed in the Appendix classify utterances that include one or more sound-, syllable-, or word-level repetitions or part-word revisions, with four of the codes indicating multiple occurrences of these behaviors within an utterance. The data in Figure 1 , Panel A indicate that the three groups differed on the overall average percentage of occurrence of the seven codes. CG speakers averaged 86.3% fluent phrasing, which is comparable to the average percentages for typically speaking children and adults reported elsewhere (cf. McSweeny & Shriberg, in press; Shriberg et al., 1992) . The HFA and AS speakers had approximately 10% lower appropriate phrasing scores, averaging 76.6% and 75.6%, respectively. The average phrasing scores of speakers in the two diagnostic groups were not significantly different, but the average scores of speakers in each group were significantly different from those of the CG speakers (HFA-CG: W x = 379.5, p = .0395; AS-CG: W x = 345.5, p = .0105). Pairwise comparisons indicated that the HFA speakers had significantly more utterances coded for PV2: Sound/ Syllable Repetition (W x = 668.5, p = .0178), PV3: Word Repetition (W x = 651.0, p = .0367), and PV6: One Word Revision (W x = 362.5, p = .0146) than CG speakers. For the AS-CG comparisons, the AS speakers had significantly more utterances coded for PV2: Sound/Syllable Repetition (W x = 737.5, p = .0006) and PV8: Repetition and Revision (W x = 618.0, p = .0411).
Additional analyses were completed to quantify the strength of associations between Phrasing scores and the independent variables of age, average utterance length, and diagnostic group. Utterance length, measured as Average Words Per Utterance (AWU), has been shown to be negatively associated with Phrasing scores in prior work with this variable in child speech disorders; the longer the utterance the greater the opportunities for a revision or repetition on one or more words. Because AWU also had a significantly positive association with age in the present study (HFA and AS speakers: r = .388, p = .034; CG speakers: r = .296, p = .031), Phrasing was regressed on the two predictor variables of AWU and age. With both AWU (T = -3.73, p = .001) and age (T = 2.06, p = .049) statistically significant terms, the regression equation [F(2, 27) = 7.18, p = .003] accounted for an adjusted 29.9% of the variance in Phrasing. Adding a third term for diagnostic group (HFA, AS) at any step in the equation did not increase the percentage of variance accounted for in Phrasing scores.
Rate. The four inappropriate Rate codes in the Appendix are used for utterances that include articulation rates and/or pause times that are either too slow (PV9:
Slow Articulation/Pause Time and PV10: Slow/Pause Time) or too fast (PV11: Fast and PV12: Fast/Acceleration) relative to expected rates for persons of similar age ranges. As in prior studies, syllable rates of 4-6 per second were considered appropriate for speakers in the age range of those in this study (Odell & Shriberg, 2001) . As indicated in the numeric section of Panel A in Figure 1 , over 90% of the utterances of speakers in all three groups were coded as having appropriate speech rate, although there were significant differences within this range among the three groups. The pairwise comparisons indicated that speakers with HFA had significantly more utterances coded as PV9 than the AS speakers (W x = 270.0, p = .0181). Similarly, they had more utterances coded as PV9 (W x = 636.5, p = .0009) and PV10 (W x = 608.0, p = .0068) than the CG speakers. The magnitudes of the between-group differences in the frequencies of utterances coded for slow rate were relatively small.
Stress.
The PVSP includes codes for two types of inappropriate stress as shown in the Appendix: inappropriate word or lexical stress (PV13: Multisyllabic Word Stress) and inappropriate stress at the phrase and utterance level (PV14: Reduced/Equal Stress and PV15: Excessive/Equal/Misplaced Stress). PV14 is used for stress that meets criteria for a type of monostress characterized by reduced stress on typically stressed syllables, whereas PV15 includes a form of monostress in which unstressed syllables are articulated with greater force (i.e., excessive/equal) or there is some articulatory or prosodic behavior that shifts the stress from the expected syllables/words to elsewhere in the utterance (i.e., misplaced stress).
As indicated in the numeric and graphic sections of Panel A in Figure 1 , speakers in the three groups differed significantly on their average realization of linguistic stress, with CG speakers having appropriate stress on most (95.2%) utterances, speakers with AS in the questionable range for appropriate stress (86.5%), and speakers with HFA averaging 77.3% utterances with appropriate stress. Results of pairwise comparisons indicated that the statistical differences obtained in the omnibus test in Figure 1 were primarily associated with PV15: Excessive/Equal/Misplaced Stress. Once again, speakers in the HFA, as compared with the AS group, did not differ on the frequency of utterances coded as inappropriate for PV15; but the average percentages for speakers in both groups (HFA = 21.8%, AS = 11.8%) were significantly different from the averaged scores (3.8%) of the CG speakers (HFA-CG: W x = 795.5, p = .0000; AS-CG: W x = 745.5, p = .0004).
Additional analyses were completed for speakers in the HFA and AS groups to determine whether the inappropriate stress classified as PV15: Excessive/Equal/ Misplaced Stress was associated more with excessive/ equal stress or with misplaced stress. The PVSP coding procedure requires coders to annotate which of four subcodes for inappropriate stress met criteria for PV15. Excessive/equal stress (i.e., stress on typically unstressed syllables and forceful articulation) was one of the subcodes. The three other subcodes for PV15 classified alternative behaviors associated with misplaced stress: misplaced stress on a word, a block on a sound (as in clinical dysfluency), or a prolongation on a sound (also as in clinical dysfluency). These analyses indicated that excessive/equal stress constituted only 4% of the PV15 subcodes; the remaining 96% of subcodes indicated the occurrence of one of the three subtypes of misplaced stress. As a percentage of the total number of codes used in each group, misplaced word stress was the most frequently occurring subcode for the HFA speakers (HFA = 39%, AS = 22%), prolongations were the most frequently occurring code for the AS speakers (HFA = 32%, AS = 54%), and blocks were least frequent for both groups (HFA = 25%, AS = 20%).
Loudness. The two PVSP codes for inappropriate Loudness, as shown in the Appendix, are PV17: Soft and PV18: Loud, which are used when at least 50% of the words in the utterance are too soft or too loud, respectively. As shown in Figure 1 , over 90% of the utterances of speakers in each of the three groups were appropriate in loudness. The pairwise comparisons indicated that significantly more of the utterances of HFA (W x = 590.5, p = .0086) and AS (W x = 590.0, p = .0090) speakers were coded PV18: Loud than were utterances of the CG group; HFA-AS comparisons on this code were nonsignificant.
Pitch.
The four codes for inappropriate Pitch listed in the Appendix were used when at least 50% of the words in the utterance were too low pitched (PV19: Low Pitch/Glottal Fry, PV20: Low Pitch) or too high pitched (PV21: High Pitch/Falsetto, PV22: High Pitch) as adjusted to participants' age and sex. As shown in Figure 1 , the appropriate pitch scores for all three groups averaged 90% or above. Although the Kruskal-Wallis test among the three groups indicated a significant difference for PV21 (Figure 1 , graphic section of Panel D), the three pairwise Wilcoxon-Mann-Whitney tests were nonsignificant for the summative appropriate pitch comparisons and for each of the four subcode comparisons.
Quality. The summative data for Quality, as shown in Figure 1 , Panel A, include weighted ratings of both Laryngeal and Resonance Quality. Although speakers in the HFA (67.2%) and AS (68.1%) groups averaged approximately 10 percentage points lower than the average Quality score of CG speakers (77.5%), there were no statistically significant between-group differences.
Laryngeal quality. The seven subcodes for speakers with inappropriate laryngeal quality include a number of vocal deviations that may occur on 50% or more words in the utterance (PV23: Breathy, PV24: Rough, PV25: Strained) or within at least one word in the utterance (PV26: Break/Shift/Tremulous, PV27: Register Break, PV28: Diplophonia), with PV29: Multiple Laryngeal Features used for utterances meeting criteria for more than one code. Kruskal-Wallis tests of the averaged scores of speakers in all three groups indicated significant differences for PV27 and PV28, but none of the pairwise tests was significant for these inappropriate laryngeal quality codes.
Resonance quality. The data in Panels A and D of Figure 1 indicate statistically significant differences in the average resonance quality of the HFA and AS speakers compared to CG speakers. As shown in Panel A of Figure 1 , CG group speakers averaged 98.1% appropriate resonance, compared to 80.6% for AS speakers and 76.9% for HFA speakers. This difference was most associated with PV30: Nasal. On this suprasegmental, compared to CG speakers (0.4%), speakers in the HFA group had more (14.7%) utterances in which 50% or more of words had inappropriate nasal resonance (W x = 627.5, p = .0059). Table 4 is a summary of the proportion of speakers in each of the three groups who had more than 20% of their utterances coded as inappropriate (i.e., fail) on each of the seven summative prosody-voice variables. Twotailed tests of proportion were used to assess whether the obtained proportions of speakers with fails for a prosody-voice variable differed significantly among the three groups. As found for the previous analyses in which prosody-voice percentages were treated as continuous variables, the three groups did not differ from one another on the proportion of speakers with fails on the four prosody-voice variables of Rate, Loudness, Pitch, and Laryngeal Quality. For the remaining three variables, however, significantly more of the HFA and AS speakers had fails on Stress (HFA = 53.3%, AS = 26.7%) than the CG speakers (5.7%), significantly more of the HFA and AS speakers had fails on Resonance Quality (HFA = 40.0%, AS = 26.7%) than the CG speakers (1.9%), and significantly more of the AS speakers had fails on Phrasing (AS = 66.7%) than the CG speakers (26.4%).
Proportion of HFA and AS Speakers With Inappropriate Prosody-Voice
Participant Characteristics and Speech and Prosody-Voice Findings
An additional analysis inspected associations among participants' status on each of the cognitive, language, and adaptive functioning measures and their speech and prosody-voice scores. Preliminary analysis of the distributions for all variables indicated that most metrics did not meet the normality assumptions required for parametric correlational statistics. A number of alternatives to the Pearson correlation statistic were completed where appropriate, including analyses of Phi coefficients for dichotomized variables, point-biserial coefficients using one dichotomized and one continuous variable, and Spearman rho coefficients using rank-ordered data. For the cognitive, language, and social scales, standard scores at 1.5 standard deviations from the reference data and above were considered within the normal range, and scores below 1.5 standard deviations were considered below the normal range. For the dichotomized analyses, cutoff scores for appropriate performance on the prosodyvoice variables were set at 80% and above for appropriate performance and below 80% for inappropriate 
Discussion
There were few significant differences in the speech and prosody-voice profiles of speakers in HFA and AS groups, and observed differences were small in absolute magnitude. Thus, although their earlier language histories may have differed, the speech and prosody characteristics of these individuals differed statistically in only a few areas at adolescence or beyond. Differences that did persist are primarily in the language domain, with the documented tendency for obsessive, repetitive topic expression by individuals with AS (Landa, 2000) reflected in the present finding of increased volubility in this sample of 15 individuals. The following discussion, therefore, focuses on comparisons of the profiles for both HFA and AS speakers with those of typically speaking individuals.
Speech Findings
An unexpected finding of this study is the high prevalence of speech-sound distortions in the HFA and AS groups. The studies summarized in the literature review indicate that articulation in these individuals is generally appropriate for their developmental levels, with most studies reporting data from younger preschool or early elementary-age speakers. The present obtained prevalence estimate of 33% HFA and AS participants with distortion errors is high compared to typical estimates of 1%-2% in adult populations . Clinically significant speech-sound distortions (cf. Shriberg, 1993, Appendix) , which involve subphonemic changes in articulatory place and manner, may reflect a speaker's failure to attend to and/or allocate resources for fine-tuning speech production to match the model of the ambient linguistic community. Klin (1992) and others have reported that children with autism failed to show the typical preference for speech-like sounds usually displayed by infants in the first months of life. A deficit in such processes could underlie, at least in part, residual articulatory errors at the allophone level that could persist for a lifetime.
Prosody-Voice Findings
Findings for the prosody-voice analyses indicated significant differences between the diagnostic and control groups in the areas of phrasing, stress, and nasal resonance.
Phrasing
Two thirds of the speakers with AS and approximately 40% of speakers with HFA were coded as having inappropriate or nonfluent phrasing on more than 20% of their utterances. The most frequent types of phrasing errors included sound/syllable/word repetitions and single-word revisions. These data suggest that many speakers with autistic syndromes produce notably disfluent speech. The disfluency appears to be unrelated to excessively fast speech because the rate differences observed between speakers in the diagnostic and CG groups were in the direction of reduced, not increased, rate.
It is interesting to speculate on the source of the obtained phrasing findings. One possibility is that the disfluency deficits may reflect perceptual and motor diatheses, similar to perspectives advanced in descriptiveexplanatory accounts of stuttering (Pore & Reed, 1999; Wedmore, 1997) . Alternatively, the observed high occurrence of repetitions and revisions may be related to formulation difficulties, such as are observed in the "mazing" behaviors of children with language-learning disabilities (Dollaghan & Campbell, 1992) . Paul (1992) has argued that, in a limited-capacity system, as is present in a child with developing language or a language disorder, a resource-demanding task can lead to disfluent production, even when disfluency is not present in low-stress situations. Paul presented data from narrative production in young children and older late talkers which suggested that narration tasks require high levels of resource allocation, producing higher-thantypical levels of disfluency in some children, as well as increased articulation errors. Thus, despite their relatively high levels of language development, as demonstrated on standardized tests (see Table 2 ), speakers with autistic syndromes in the present study could experience ordinary conversation as a stressful language task because of its high social knowledge and pragmatic demands. Linguistic complexity may contribute to this resource drain, as indicated by the regression findings of a significant association between utterance length and phrasing scores.
Among the three functions of prosody, these explanatory perspectives on the phrasing findings are perhaps most consistent with a deficit in the grammatical aspects of prosody. Specifically, higher levels of grammatical complexity, as indexed by greater utterance length, were associated with higher frequencies of phrasing errors. Increased resource needs from both speech motor control and social demands are relevant moderating considerations.
Stress
Both diagnostic groups also differed significantly from typical speakers on the prosody domain of stress, keeping in mind potential reliability constraints on stress codes. Most of the inappropriate stress for HFA and AS participants involved the placement of stress cues within the utterance, rather than the grammatical use of stress or lexical stress within multisyllabic words. These stress findings indicating deficits in the domain of pragmatic or emphatic stress are consistent with those described by Baltaxe (1984) and Fine et al. (1991) , who also have reported small but significant increases of misassignments of contrastive stress in HFA. Fine et al. reported normal contrastive stress use in AS, whereas the current study found small but significant contrastive stress differences for both diagnostic groups compared to typical speakers. The source of the differences in findings may be attributable to differences in statistical power for variables with relatively small effect sizes; the present report includes larger groups of both AS and typical speakers than reported in prior studies. As indicated in the per-subject data in Table 4 , stress deficits were obtained for approximately one half of the individuals with HFA and one fourth of the individuals with AS.
Two explanatory views of these data concern pragmatic versus perceptual-motor sources of the stress deficits. The choice of elements to stress within a sentence is primarily a pragmatic decision. Because words containing information that is new to a listener need to be stressed (Haviland & Clark, 1974) , the speaker must keep track of what the listener is likely to consider new. Thus, difficulties with pragmatic stress assignment could reflect problems in social cognition. Alternatively, such deficits in highlighting for the listener could reflect perceptual-motor deficits in coordinating components of the speech signal. Note that such deficits would predict stress errors crossing both grammatical and pragmatic contexts, whereas the present study found errors only in the latter domain. Pronovost et al. (1966) reported wide variations in pitch and loudness among speakers with autism. In the present study, individuals with HFA and AS differed from typical speakers in loudness (too loud) and pitch (too high), but the magnitudes of effects were small. For the resonance comparisons, speakers with HFA had significantly more utterances rated as nasal (20%) than typical speakers (2%). Moreover, the data in Table 4 indicate that more speakers with HFA (40%) and AS (27%) had utterances coded as too nasal than did CG speakers (2%).
Resonance and Other Voice Variables
These vocal and resonance findings are especially important to listeners' perception of these speakers' affective states and hence address affective prosody. The variables of loudness, pitch, and resonance define an individual's modal register and are modulated in response to varying listener needs and speakers' emotional states. Although the obtained differences did not suggest gross involvement, even infrequent voice and resonance differences can affect listeners' perceptions of a speaker's emotional status and attractiveness. These findings are consistent with the percept of a "pedantic" style of speech often attributed to individuals with HFA and AS (Ghaziuddin & Gerstein, 1996) . Speech that is too loud and/or high pitched can create an impression of overbearing force or insistence; speech that is too slow and/or nasal may create the impression that the speaker is condescending. Such attributions may be wholly unintended on the part of the individual with autism, yet they have a powerful impact on listeners' attributions of a speaker's social-emotional state and trait. As with the relatively small difference between perceived normal disfluency rates and perceived stuttering (a rate change of 3% to 7%; Guitar, 1998) , listeners have narrow tolerance ranges for the perception of typical or acceptable prosody-voice (cf. Shriberg & Widder, 1990) .
As suggested previously, inappropriate vocal and resonance behaviors could reflect solely social-adaptive deficits, or they could be posited to reflect deficits in sensory-motor processes. Loud, slow, high-pitched, and/ or nasal speech could be due to speech-motor control deficits, including difficulties in self-monitoring associated with poor auditory or proprioceptive feedback systems. Although formal analyses of the present data to explore these possibilities were not completed, inspection of the transcripts indicates that the vocal and resonance differences frequently occurred on short and familiar utterances, including words that were not phonetically complex. Such data would argue against the perspective of a speech-motor control deficit associated with increased cognitive-linguistic or articulatory demands. Thus, if there is a speech-motor control component in the acquisition and performance aspects of the vocal and resonance differences obtained in the present study, it would seem more likely to reflect difficulties in acquiring and self-monitoring social registers, rather than in assembling appropriate segmental and suprasegmental behaviors. This perspective would view the obtained differences in affective prosody as reflecting reduced disposition to monitor the vocal signals associated with appropriate discourse.
Conclusions
The primary goals of the present study were to profile the speech and prosody-voice characteristics of adolescents and adults with HFA or AS and to relate findings to the several functions of prosody. Findings generally support and extend those of the precedent literature indicating that speakers in both groups have notable deficits in prosody and that such behaviors appear to be associated more with pragmatic and affective processes than with deficits in the grammatical functions of prosody. Specifically, findings obtained for stress, loudness, pitch, and resonance were interpreted as support for this perspective, whereas the phrasing findings-which primarily reflect speech fluency-were more difficult to interpret. The increased disfluencies in speakers with autistic syndromes as compared with the typical speakers could reflect formulation constraints in making appropriate utterance choices, grammatical constraints associated with the longer utterances of some speakers, or speech-motor control constraints at the level of production or self-monitoring. On the latter explanatory possibility, the finding of a high prevalence of residual articulation errors raises interesting questions about these individuals' histories of phonological and articulatory development. Klin, Volkmar, and Sparrow (2000) report that speakers with AS have motor deficits, though in the present study there were equal proportions of HFA and AS speakers with residual articulation errors.
The research implications of the present findings clearly suggest the need for instrumental studies of the speech and prosody-voice characteristics of younger speakers with autistic syndromes. As reported, reliability estimates for the auditory-perceptual approach used in this study are generally adequate for summative levels of description, but may be inadequate in some domains for the level of precision needed in descriptiveexplanatory research. The conversational sampling approach was useful in characterizing speech and prosody-voice in discourse, but targeted analysis protocols are needed to disambiguate the several functions of prosody explored in this preliminary study. Several protocols using structured experimental tasks and acoustic methods are in development (Paul et al., 2000; Shriberg, Green, Karlsson, & McSweeny, 2000) .
Clinical implications of the present findings must be constrained to preliminary generalizations about assessment and treatment needs for adolescents and adults with autistic syndromes. The prevalence of deficits in speech and prosody-voice domains observed for the speakers in this study (see Table 4 ) would appear to support a recommendation for the need to at least screen speakers of this age for possible prosody-voice involvements that affect social and vocational adjustment. The speech-language pathologist needs to identify and differentiate among the types of prosody-voice involvements in an individual, remaining alert for profiles of multiple involvements. Additional analyses of the findings in Table 4 indicated that speakers had prosodyvoice involvements in as many as five of the seven domains. Once identified as problem areas, detailed review of the linguistic and social contexts under which such behaviors are most prevalent should suggest approaches to the content and form of intervention. Until additional research provides more specific guidance, traditional activities designed to increase speaker's metalinguistic knowledge of appropriate suprasegmental targets, followed by pragmatically relevant behavioral practice, would appear to be an appropriate and administratively defensible clinical objective for individuals with autistic syndromes. 
